A framework of usability factors is presented which serves as a basis for the thorough research of usability issues in the context of smart home systems. Based on well accepted approaches taken from the literature, various aspects related to usability are identified as significant for the implementation and future development of smart home systems. Finally, the partly existing prototypical installation of a smart home system is discussed and scenarios for future investigations are presented.
Introduction
The widespread of smart home devices has increased within the last few years and has now reached the level of a mass market. The increased application of such systems will probably lead to problems well known from other areas -problems related to bad usability. Personal computers, websites or VCRs are intensively discussed examples of sub-optimal usability. Smart home systems include multiple factors which are potentially relevant in relation to usability, both as singular aspects and in a combination. Besides simple functionality, such as switching the lights on or off, smart home systems also support networked operation, the definition of macros, and the usage of diverse, mostly GUI-based devices. All these components may cause severe problems when usability is not considered.
In this paper, integration of important usability aspects which could be relevant in relation to smart home appliances in future is attempted. After an overview of the theoretical background and related work in the field, a framework comprising aspects derived from various usability models and theories is discussed which may serve as a conceptual basis for future research activities. Examples of possible research topics and research methods are given afterwards, followed by a description of relevant parts of the prototypical installation of a smart home system which serves as an infrastructure for usability investigations. The paper concludes with a discussion on future research topics.
Background
The times have passed when smart appliances have been seen merely as either a hobby of persons fascinated by technical gimmicks, or as necessary tools for the maintenance of public or company buildings. The electronic industry has already focussed on the private person as a potential mass consumer of smart home technology. There are many indicators showing that smart home appliances are already an issue for the broad public. For instance, almost each do-it-yourself store has at least one system available, and advertising in television or magazines is also intensively dealing with that subject. The offered smart home systems range from stand-alone switching components to networked systems (either wired or wireless), depending on the intended purpose of the system. Because of the high availability, solutions had to be found to support a side-by-side operation of different devices. This has been accomplished by the definition of standards, like the U.S. X10 standard and the EIB/KNX standard developed in Europe, cf. e.g. [1] . These standards provide an infrastructure including detailed interface specifications on the basis of which different manufacturers can develop and release devices.
An important development came with the widespread of smart home appliances: the users of devices are no more only specialists with technical skills, like company technicians responsible for the electrical equipment in an enterprise. Moreover, training of end users, which is usual e.g. when a new system for building automation is deployed, seems not to be very realistic. The other possibility to overcome usage problems would be to provide guidelines and specifications for the design of the user interfaces, available for different computer platforms and operating systems. However, such documentation is only partly considered in standards like X10 and EIB/KNX.
The missing consideration of issues of the user interface and the neglect of end user needs is very similar to situations consumers have been confronted with in the past. When VCRs came on the market, consumers had to struggle with bad usability. The next hurdles came with the appearance of the personal computer and more recently with the widespread of the Internet.
In relation to usability, smart home appliances add new dimensions to our lives which are important to consider, because complex smart home systems include a combination of devices and, therefore, a combination of potentially severe usability problems. Indeed, it had been annoying when recording a movie had not been possible with the new VCR, or bad usability of websites or software programs led to aborted online purchases or cumbersome text processing, but these symptoms do not have critical impact on our lives. Considering smart home appliances, bad usability could have more severe effects, e.g., if one cannot switch on the heating in winter, cannot get into one's apartment, or -even worse -is trapped inside a building. Especially novice users or elder persons are a target group for smart device marketing and the benefits of an increased ease of life when everything works by pushing a button on a remote control are illustrated in high-gloss brochures. But how realistic are these scenarios when considering all the usability problems related just to single devices such as mobile phones?
Related Work
Usability aspects of smart home appliances have been investigated under different viewpoints. Beginning with the very early discussion of "the psychology of everyday things" as Norman [2] terms it, where bad usability of quite simple devices was critically observed, long before smart home systems reached the market. Usability aspects of smart home devices have been researched, e.g. by [3] who investigated usability problems related to the user interface of a smart home system. Schoeffel [4] describes a usability engineering oriented design approach for a smart home end user interface. Ringbauer & Hovfenschioeld [5] investigated the emotional aspects related to the usage of such systems. Investigations regarding the utility and usability of smart home systems for the elderly were done e.g. by [6] and long term usability observations have been conducted at the Philips Homelab [7] .
The work in this area is characterized by punctual investigations which do make sense in answering specific questions. However, as discussed, smart home systems include very different components which could show interaction effects. These effects cannot be considered and measured with singular methods. Therefore, a comprehensive model including the most relevant dimensions seems necessary. Such a model is presented in the following.
Usability Oriented Framework of Smart Home Interaction
The investigation of usability aspects related to smart home appliances is difficult because several areas of usability research are linked together in one problem domain. One common shortcoming of the related work presented in the previous section is that only singular aspects have been addressed, focused on the user interface. However, smart home appliances affect at least two areas of usability: real world usability issues, e.g. the ergonomics of door handles, wall mounted switches [8] as well as usability issues related to software or Web interfaces. Furthermore, if mobile system components are in use, additional aspects regarding mobile usability have to be considered.
Thus, ensuring usability in smart home environments is a difficult and multidimensional task. To address all relevant dimensions, it is necessary to specify a framework which serves as the basic structure for usability research related to smart home appliances. Complex smart home systems are integrating distinct paths of manipulation and feedback, e.g., one user is switching a device with a power switch while another user who is accessing the system via Internet is retrieving feedback on the current system status. Figure 1 illustrates the possibilities of interaction between a user and a smart home system. To keep the model simple, only the most immediate switching and feedback loops are presented. A user can switch a device by activating a control directly on the device or a wall-mounted switch which e.g. closes a circuit to an attached device. Feedback is given by the device itself (e.g., the light goes on), or by the switch -which is giving tactile and/or visual feedback. In some cases the feedback is given by some indirect feedback mechanisms, e.g., when the central heating in the basement is switched on, feedback can be observed via the increasing temperature of the radiators.
Virtual Interaction:
A user can press a button on a remote control, and feedback is given by the switched device (if the user is in the same room he sees that the lights went on). This case seems to be similar to physical interaction, but due to the involvement of at least two parts of the system (electrical wiring and remote system) the situation is categorized as virtual. If the user is pressing a button on the remote control, but is not in the same room, he cannot see the status of the switched devices and has to rely on feedback given by the remote control or on feedback provided by other devices, e.g., a building layout equipped with status LEDs.
When a user is accessing the system over a desktop computer, a handheld device or a mobile phone, the device is switched indirectly. The system involved in this switching process can include diverse technical and interaction related dimensions, e.g., wireless or wired infrastructure, interface features of the used device (PC, handheld or mobile phone). As the manipulation is performed remotely, the switched devices themselves cannot provide feedback to the user, therefore feedback representation is given by software components like graphical symbols or similar means. Another possibility would be that a system-independent device can provide feedback, e.g. the user can observe over a webcam whether the lights are on.
The three layers (Action Layer, Interface Layer and Aggregation Layer) in the framework are symbolising the usability dimensions of relevance are discussed below.
Action Layer -In the context of physical interaction, many aspects play a role. The interaction model of Norman [2] and the model of Abowd & Beale [9] define different aspects of interaction between a user and a system. The two models include functional-and feedback components. Additionally, of interest are the characteristics of the interaction with "everyday things" postulated by Norman:
• Visibility -The system should not hide important interface components.
• Affordance -Controls should animate the user to use them (the right way).
• Mapping -The system should have a representation with affinity to the real world.
• Feedback -The user should be able to observe if and how the system is working.
• Constraints -The system should be adapted to the users' capabilities and circumstances of the usage.
• Conceptual model -This characteristic is considered within the Aggregation Layer (cf. below).
Additional aspects of relevance can be taken from the theory of action regulation (cf. e.g. [10] ) which adds e.g. unconscious or automated actions, or "habits", as Raskin [11] terms it. To give an example what could be a relevant problem on the level of action is the switching of a wall switch which is designed as a standard switch (affordances) -but is wirelessly steering a remote device. In such situations questions are to be answered, like: "Which usability aspects do play a role? Does the switch give tactile or optical feedback regarding the status of the switched component?" When more than one switch is there -which switch belongs to which device (see Figure 2 containing illustrations of smart home switching components)? More difficult is the analysis of the device represented on the right side of the figure. Tactile components like buttons are used for the regulation of the device, a character based display is giving information on the chosen values. These components of a smart home system have to be analysed in relation to both the Action and the Interface Layer. Interface Layer -This can be conceived as the layer containing classical usability issues. Singular aspects of the interface are of relevance, but also the interaction of different interface components has to be considered. This is the most researched segment of the model. An abundance of literature exists, ranging from different collections of usability heuristics to relevant standards and norms, e.g. the ISO 9241 series. The characteristics to be analysed within this level are, e.g., usability factors of the ISO 9241-11 Guidance on Usability [12] , i.e.:
• Effectiveness -Can a user accomplish a task?
• Efficiency -Can the task be accomplished with acceptable effort in acceptable time? • Satisfaction -Is the performance of the task satisfactorily?
As these factors are parts of a theoretical construct which cannot be observed directly, measurable attributes have to be identified. Literature regarding factors influencing usability is rich, models are discussed e.g. by [13, 14, 15] . One of the newest and therefore most complete list of basic principles for interface design is the one published by Tognazzini [16] shown in Table 1 . An example question regarding the Interface Layer could be: "Are the criteria of usability fulfilled in an existing interface? What can be improved?". Figure 3 shows a layout of a smart home control desktop software on the left, and another example of a GUI interface based on a tablet PC on the right. Aggregation Layer -This level contains aspects related to different components of the multi-tasking, multi-device interaction (as shown in the interaction framework). The content of this layer is least known at the moment. The idea behind the Aggregation Layer is a kind of "Gestalt" in the nomenclature of psychological Gestalt Theory. The central postulation of this theory is that the whole is more than the sum of its parts. The central question to be addressed within this level is how the different aspects of interaction in smart homes influence each other, what are the criteria which influence the "homeostasis" of the system. Is it the chosen technology, be it human factors like personality, age or gender.
Research Methods
As difficult as the development of a conceptual model is the selection of appropriate methods to investigate the different aspects of usability of smart home appliances. Our approach is to use a set of methods pertinent to the different layers. Physical action can be observed and investigated with usage analysis protocols used in industrial psychology, e.g. VERA [17] , but also methods usually applied in the analysis of ergonomics are considered. The outcome of the investigations based on such methods is information regarding the tactile sensory features of the devices.
For the investigation of aspects related to the Interface Layer, a broad range of user interface analysis methods is available. These contain focus groups, structured interviews, contextual inquiries, usability questionnaires, usability expert methods and usability tests (an overview is given e.g. by [14] and [18] ). Questions to be answered by the applications of these methods are e.g. to what degree the interfaces investigated reach the requirements of standards, fulfil the user needs and are satisfactory for the users regarding design and functionality.
The methods mentioned in relation to the Action Layer and the Interface Layer have been used in different other contexts and can be successfully adapted to the new domain of smart home systems. The investigation of aspects related to the Aggregation Layer is a bigger challenge. The major difficulty is that a punctual evaluation of factors related to single actions or the singular usage of an interface is not suitable for the identification of relevant aspects influencing a continuous usage of a smart home system. Therefore, longitudinal observation methods have to be used. Such longitudinal observations have already been successfully used, e.g. by [7] , however in artificial environments. Other approaches were based on the observation of groups of people for a short time period combined with questionnaire data [5] . Thus, the most suitable approach to investigate long-term usage aspects seems to be based on the participant observation method (often applied in psychology and sociology) which is characterized by the fact that the researcher is concurrently observer and part of the topic of investigation. This approach has both advantages and disadvantages. The major advantage is that it is possible to conduct observations in a natural environment if the investigations are performed in the home of the participants (one of which is the researcher himself) which guarantees realistic situations and surrounding conditions. A second advantage is that the researcher, as part of the setting, can therefore perform the observation without massively influencing the behavior of the observed persons. However, the latter advantage can also be a major disadvantage since the participation of the researcher can highly influence the study outcome.
Prototypical Installation
Currently, a prototypical implementation of a system of smart home appliances is installed at two different locations. The first location is an experimental lab, where punctual investigations can be performed. The second location is a one-family house, where the longitudinal studies can be carried out. In the latter location a test set has already been installed and first investigations were already carried out. These first investigations served the purpose of a pilot study to collect more detailed and complete requirements for a realistic implementation of the system in use. The outcome resulted e.g. in the decision for a system which is open for the integration of different devices and -more importantly -provides an interface for the development of customized software components. Figures 4 and 5 show a sketch of the test installation. Figure 4 shows a set of devices already in use in relation to the presented framework. For instance, a remote control can be used to switch attached devices (like a garage door or a lamp). With a desktop computer or a smart phone the status of the system can be observed. The camera shown in the figure serves as an additional feedback channel. All the devices mentioned are part of the Interface Layer. Other devices like wall mounted switches or switches on the device itself can be used to switch devices more directly. These devices are part of the Action Layer. 
Future Work
The framework for the investigation of usability of smart home appliances which has been put forward in this paper will serve as the basis of our future research projects. The very next step is to complete the prototypical installation and implement software components, like logging tools or statistics programs which provide the possibility of detailed analysis of the behaviour of the users interacting with the system. Several research questions on different levels are planned to be addressed,. The following list represents some of the questions formulated so far:
• Ergonomic factors of switching components -e.g., how can feedback be realised when the switched device is not visible? • User Interface Factors -is it possible to apply standardized GUI-widgets or is the primary user group not familiar with computers? • How do smart homes change habits, rituals or behaviours of the persons using them?
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